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1. Introduction 
Determinations of the size and shape of individual 
ribosomal proteins in solution are a prerequisite to 
the understanding of their spatial arrangement and 
relationship in ribosomal particles. Such studies by 
means of hydrodynamic and scattering methods, 
using in the latter case X-rays and neutrons, have 
been performed to now with proteins of prokaryotic 
ribosomes only [l-8]. Comparable experiments and 
data about isolated single proteins of eukaryotic 
ribosomes are not yet available. First indications of 
more or less elongated shapes of eukaryotic ribosomal 
proteins in situ were obtained by immunoelectron 
microscopic studies [9-l I]. 
Here results of experiments about the size and 
shape of individual proteins of the small subunit of 
rat liver ribosomes in solution, using hydrodynamic 
methods are described. It could be demonstrated that 
most ribosomal proteins are elongated with largest 
diameters of 7.7-19.4 nm. 
2. Materials and methods 
Single pure ribosomal proteins were prepared as 
in [ 12,131; their purity, checked by two-dimensional 
polyacrylamide gel electrophoresis [ 12,131, was 
>95%. For the enumeration of the proteins the 
nomenclature of [ 141 will be used. For the hydro- 
dynamic investigations the proteins were dissolved 
in concentrations of 0.3-l .O mg/ml 10 mM 
fl-mercaptoethanol in absence or in presence of 0.1 M 
KCl. Sedimentation and diffusion measurements were 
performed in a Beckman Model E ultracentrifuge 
with ultraviolet-absorption optics, monocbromator 
ElsevierfNorth-Holland Biomedical Press 
and photoelectric scanner using a capillary-type 
double-sector synthetic boundary cell. From the 
moving boundary at 40 000 or 48 000 rev./mm 
recorded at h = 280 nm, sedimentation coefficients 
were calculated. Diffusion coefficients were deter- 
mined with the same technique at rotor speeds of 
12 000 rev./min (AnH-rotor) by measuring the 
broadening of the boundary in relation to the speed 
and dilution in the cell. The partial specific volumes 
of the proteins were determined from the increments 
of amino acids [ 151 and the amino acid composition 
of the proteins [ 161. Molecular weights (M) were 
calculated using the Svedberg formula and the fric- 
tional ratio u/fo) from sedimentation (s) and diffu- 
sion (0) coefficients and the partial specific volumes 
(V) by the equation: 
f/f, = 10-S z l/3 ( ) . . 
where p = density of solvent 
Assuming prolate ellipsoids and an average amount of 
0.3 g bound water/g protein from the frictional ratio 
a ratio of the half-axes a:b can be estimated from the 
diagram in [ 171. Considering these values and the 
volumes (v) of each protein: 
v_ M.F -- 
NL 
where NL = Avogadro’s number 
the greatest length or diameter (2a) as well as the 
mass/length ratio (M/2a) were calculated, too. 
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3. Results and discussion 
Sedimentation coefficients of the isolated ribosomal 
proteins are relatively small because of their more or 
less extended shape. The values vary fractionally in 
solutions of low concentration. By extrapolation to 
concentration c = 0, sedimentation constants (~02~ 3 
can be obtained (see table 1). No influence of the’ 
protein concentration on the D values could be 
found. Therefore these are average values of different 
experiments (D,, W). The molecular weights of pro- 
teins investigated ire in the range of 35-10 X lo3 
(see table 1). Similar esults were obtained by two- 
dimensional polyacrylamide gel electrophoresis [ 181. 
The frictional ratios and consequently the estimated 
ratios of half-axes (u:b), the greatest diameters (2a) 
and the the mass/length ratios (M/b) vary consider- 
ably between the proteins tudied (see table 1). 
Considering these parameters the following con- 
clusions can be drawn. Proteins S2, S28, S6, Sl3, S9, 
S3 and S8 are relatively extended proteins with a 
nearly worm-like shape. The ratio of their half-axes 
varies between 9.5: 1 and 5.5: 1, respectively. On the 
other hand, proteins S17, S19, S21 and S25 are less 
extended; the ratio of their half-axes vary between 
3: 1 and 4.5: 1. Thus, the latter proteins eem to be of 
more globular shape. In fact many proteins are not 
organized as ellipsoids of revolution but have the 
shape of three-axised bodies [ 191 so that the largest 
diameters (2a,,) could be assumed to be some- 
what shorter than those given in table 1. On the other 
hand, proteins S3 and S17 seem to be more compact 
(higher mass/length ratio) than S2, S13, S21 or S28 
(see last column of table 1). 
These results are in good agreement with our find- 
ings about the shape and size of proteins in the small 
ribosomal subunit derived from data obtained by 
immunoelectron microscopy [11,20]. The greatest 
distance between two of the three observed antigenic 
determinants of protein S2 was found to be -12 nm 
and that of protein S3 -8 nm. In solution the greatest 
diameters of these proteins were estimated by hydro- 
dynamic methods to be 19.4 nm and 13.6 nm, respec- 
tively. Similar data could be obtained also for pro- 
teins S6, S7 (unpublished results), S17 and S21 [l I]. 
Proteins S17 and S2 1 [ 1 l] show two neighbouring 
antigenic determinants on the surface of the small 
ribosomal subunit. The diameter of one antigen com- 
bining site of an antibody molecule (IgG) is -4 nm 
[21,22]; the length of the proteins S17 and S21 was 
estimated by hydrodynamic methods to be 7.7-8.0 nm. 
Comparing these values, proteins S17 and S2 1 
localized on the surface of the small ribosomal sub- 
unit should be covered nearly completely by two 
antigen combining sites of two different antibody 
molecules. In fact two antibody molecules against 
proteins S17 and S21 each were bound to the 40 S 
ribosomal subunit as demonstrated by immuno- 
electron microscopy [111. The good agreement of
the hydrodynamic results with the findings from 
Table 1 
Hydrodynamic parameters of individual ribosomal proteins of rat liier 
Protein $0,~ 520,w v M s,D f/f, a:b 2a 
1141 (S) (F) (ml/g) (nmm,ax 
M/2amax 
(nm-*) 
s2 2.12 5.88 0.7390 33 700 1.69 9.5: 1 19.38 1739 
s3 2.52 6.81 0.7421 34 950 1.44 5.5:1 13.55 2579 
S6 2.20 6.47 0.7394 31 800 1.56 7 :l 15.40 2065 
s7 2.12 7.64 0.7433 27 300 1.41 5 :l 11.72 2329 
S8 2.19 7.40 0.7321 26 900 1.45 5.5:1 12.36 2176 
s9 1.98 7.37 0.7319 25 000 1.49 6 :l 12.82 1950 
s13 1.78 7.33 (0.734)a 22 000 1.55 7 :l 13.64 1628 
s17 2.20 9.26 0.7330 21 700 1.25 3 :l 7.70 2818 
s19 1.99 9.40 0.7308 19150 1.28 3.8:1 8.62 2222 
s21 1.69 10.06 0.7132 14 200 1.33 4 :l 8.00 1775 
S25 2.04 8.36 0.7396 22 800 1.35 4.5:1 10.28 2218 
S28 1.05 8.74 0.7271 10700 1.65 8.5:1 12.12 883 
a Calculated by extrapolation 
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immunoelectron microscopy, so far as has been 
investigated, indicate that no major differences seem 
to exist in the shape of the ribosomal proteins in 
solution as well as when assembled in the ribosomal 
particle. Nevertheless, differences in the secondary 
structure, as observed in the case of ribosomal 
proteins of Escherichia coli [23] can not be excluded 
at present. 
References 
[l] Laughera, M. and Moore, P. B. (1977) J. Mol. Biol. 112, 
399-421. 
[ 21 Rohde, M. F., O’Brien, S., Cooper, S. and Aune, K. C. 
(1975) Biochemistry 14,1079-1087. 
[3] Giri, L., Littlechild, J. and Dijk, J. (1977) FEBS Lett. 
79,238-244. 
[ 4 ] Gudkov, A. T., BehIke, J., Vtiurin, N. N. and Lim, V. I. 
(1977) FEBS Lett. 82,125-129. 
[5] Gudkov, A. T. and Behlke, J. (1978) Eur. J. Biochem. 
90,309-312. 
[6] Giri, L., Dijk, J., Labischinski, H. and Bradaczek, H. 
(1978) Biochemistry 17, 745-749. 
[7] Gsterberg, R., Sjoberg, B., Liljas, A. and Pettersson, I. 
(1976) FEBS Lett. 66,48-51. 
[8] Serdiuk, I. N., Zaccai, G. and Spirin, A. S. (1978) FEBS 
Lett. 94,349-352. 
PI 
[ 101 
[Ill 
I121 
[I31 
[I41 
iI51 
[I61 
1171 
I181 
[191 
PO1 
[211 
[=I 
v31 
Lutsch, G., NoI& F., Theise, H. and Bielka, H. (1977) 
Acta Biol. Med. Germ. 36,287-290. 
NoI& F., Bommer, U.-A., Lutsch, G.,Theise, H. and 
Bielka, H. (1978) FEBS Lett. 87, 129-131. 
Lutsch, G., NoIl, F., The&, H., Enzmann, G. and 
Bielka, H. (1979) Molec. Gen. Genet. in press. 
NOB, F., Theise, H. and BieIka, H. (1974) Acta Biol. 
Med. Germ. 33,547-553. 
Theise, H., No& F. and Bielka, H. (1978) Acta Biol. 
Med. Germ. 37,1353-1362. 
McConkey, E. H., Bielka, H., Gordon, J., Lastick, 
S. M., Lin, A., Ogata, K., Reboud, J.-P., Traugh, J. A., 
Traut, R. R., Werner, J. R., WeHe, H. and Wool, I. G. 
(1979) Molec. Gen. Genet. 169,1-6. 
Schachman,H.K. (1957) MethodsEnzymol. 9,32-103. 
Goerl, M., Welfle, H. and Bielka, H. (1978) Biochim. 
Biophys. Acta 519,418-427. 
Oncley, J. L. (1941) Ann. NY Acad. Sci. 41,121-150. 
Welfle, H., Goerl, M. and Bielka, H. (1978) Molec. Gen. 
Genet. 163,101-112. 
Dickerson, R. E. (1971) in: Struktur und Funktion der 
Proteine, pp. l-l 19, Verlag Chemie, Weinheim. 
Bielka, H., Noll, F., Welfle, H., Westermann, P., Lutsch, 
G., StahLJ., Theise, H., Bommer, U.-A., Gross, B., 
Goerl, M. and Henkel, B. (1979) FEBS Symp. 51, 
387-399. 
Sarma, V. R., Silverton, E. W., Davies, D. R. and Ferry, 
W. D. (1971) J. Biol. Chem. 246,3753-3759. 
Poljak, R. J., Amzel, M., Avey, H. P., Chen, B. L., 
Phizackevley, R. P. and Saul, F. (1973) Proc. Natl. 
Acad. Sci. USA 70,3305-3310. 
AlIen, S. H. and Wong, K.-P. (1978) Biochemistry 17, 
3971-3978. 
225 
